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@) Low-profile dual-lumen perfusion balloon catheter with axially movable inner guide sheath. 

(57) A fully exchangeable low-profile dual-lumen 
perfusion balloon catheter (10) for dilatation 
angioplasty procedures includes a flexible 
small diameter guide wire (12) in a perfusion 
lumen (62) of the catheter and is provided with 
an internal guide wire sheath member (30) 
traversing the dilatation balloon (94) and allow- 
ing full perfusion blood flow via this lumen (62) 
when the guide wire (12) and sheath member 
(30) are retracted. When the guide wire and 
sheath (30) together are advanced from their 
retracted positions, the sheath member (30) 
positively prevents escape of the guide wire 
distal end (24) from the catheter lumen (62) via 
the perfusion ports (108, 110) thereof. Another 
embodiment of the invention includes a guide 
wire sheath member (30') with a smaller size 
pilot dilatation balloon (132) and a valving struc- 
ture (144) responsive to axial relative movement 
of the guide wire (12') to allow inflation of this 
pilot balloon (132) in response to communi- 
cation of pressurized fluid to the guide wire 
sheath member (30') at a proximal end thereof. 
Still another alternative embodiment of the in- 
ventive catheter includes a guide wire and 
guide wire sheath member (30') which are in 
one operative relationship axially relatively 
movable and telescopically received one within 
the other. In another operative relationship of 
the guide wire and guide wire sheath member, 
(30') the two are axially aligned and coupled at 
adjacent ends to provide an extended guide 
structure allowing removal of the balloon cathe- 
ter and retracing of the vascular path to the area 
of treatment. Another alternative embodiment 
of the inventive catheter is configured with a 
mono-rail distal guide portion. 
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Background of the Invention 

Field of the Invention 

The present invention relates in general to the 
field of dilatation or balloon catheters employed in the 
treatment of vascular diseases. More particularly, the 
present invention relates to a dual-lumen low-profile 
balloon catheter assembly with perfusion ports com- 
municating proximally and distally of the dilatation 
balloon via a lumen of the catheter. An axially movable 
inner guide sheath receives a guide wire assembly for 
the catheter. Distal ends of the guide sheath and 
guide wire are movable across the perfusion ports in 
the proximal direction to allow blood perfusion flow 
through the full cross sectional area of the catheter lu- 
men. When the guide sheath is moved across the per- 
fusion ports in the distal direction it allows the distal 
end of the guide wire to traverse these ports with no 
possibility that the wire end will escape through these 
ports, improving patient safety. 

Related Technology 

Over the past decade the medical procedure 
known as angioplasty has become widely accepted 
as a safe and effective method for treating various 
types of vascular diseases. For example, angioplasty 
is widely used for opening stenoses throughout the 
vascular system and particularly for opening stenos- 
es in coronary arteries. 

At present, the most common form of angioplasty 
is called percutaneous transluminal coronary angio- 
plasty (PTCA). This procedure utilizes a dilatation 
catheter having an inflatable balloon at its distal end. 
By using a fluoroscope and radiopaque dyes and 
markers on the catheter for visualization the distal 
end of the dilatation catheter is guided into position 
through a guide catheter and across the stenosis. 
With the dilatation balloon is in this position of align- 
ment with the stenosis the balloon is inflated for a brief 
duration to open the artery and establish adequate 
blood flow. 

Typically, inflation of the balloon is accomplished 
by supplying pressurized fluid from an inflation appa- 
ratus located outside the patient's body through an in- 
flation lumen in the catheter which communicates 
with the balloon. Conversely, applying a negative 
pressure to the inflation lumen collapses the balloon 
to its minimum dimension for initial placement or for 
removal of the balloon catheter from within the blood 
vessel receiving treatment. 

In the pastyearsa number of balloon catheter de- 
signs have been developed which have contributed to 
the safety and acceptability of PTCA and similar med- 
ical procedures. The most common design is known 
as an "over-t he-wire" balloon catheter. This conven- 
tional device typically utilizes a relatively large lumen 



for passage of a guide wire and injection of contrast 
fluid (or angiographic visualization dye) to assist in 
the placement of the device. A second parallel lumen 
is provided for inflation and deflation of the balloon. 

5 Typically, a steerable guide wire is positioned 

within the larger lumen and the entire assembly is 
maneuvered into an initial position within the target 
artery through a guide catheter which has been posi- 
tioned previously, and which is of sufficient diameter 

10 to pass the angioplasty catheter. Once near the site 
of the stenoses the guide wire can be rotated and ax- 
ially extended or retracted into position across the le- 
sion. The therapeutic angioplasty catheter is subse- 
quently advanced along the guide wire to position its 

15 balloon end portion across the lesion prior to inflation 
of the balloon and dilatation of the stenosis. 

An alternative conventional over-the-wire cathet- 
er assembly utilizes a non-removable guide wire that 
allows for longitudinal or axial movement. However, 

20 this design has a significant drawback because the 
entire catheter assembly with its non-removable 
guide wire must be removed to accomplish replace- 
ment or exchange of the balloon. In some cases of 
PTCA it is necessary to replace the balloon with one 

25 of different diameter or configuration following the ini- 
tial dilatation. 

However, cases of acute reclosure have been 
noted where the lesion closes again following dilata- 
tion and removal of the balloon catheter. One re- 

30 sponse to this reclosure problem has been the place- 
ment of an expandable stent into the artery at the le- 
sion with another replacement balloon catheter. This 
alternative system increases the difficulties of these 
subsequent procedures by requiring that the replace- 

35 ment catheter renegotiate the entire placement path 
without the advantage of a guide wire. 

A "monorail" variant of the standard balloon-over- 
a-wire system also has been developed in which only 
the distal portion of the balloon catheter tracks over 

40 the guide wire. This system utilizes a conventional in- 
flation lumen and a relatively short guiding or through 
lumen adjacent to the distal end of the catheter. Prin- 
cipal benefits of the monorail construction of thera- 
peutic catheter are the reduction of frictional drag 

45 over the length of the externally located guide wire 
and the ease of balloon exchange. This construction 
provides the ability to recross an acutely closed ves- 
sel or to exchange balloons without removing the 
guide wire. 

so However, a disadvantage of this "mono-rail" de- 

sign is the increased difficulty in steering the guide 
wire because the guide wire is not supported by the 
balloon catheter. Also, the balloon catheter itself may 
not be pushable to move along the guide wire. Some 

55 versions of the monorail use an external flexible 
pusher member which also tracks the guide wire and 
is used to move the therapeutic catheter to the de- 
sired location near the distal end of the guide wire. Ad- 
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ditionally, the dual lumen distal design of the monorail 
catheters produces a larger profile and catheter shaft 
size. 

Another innovation in dilatation catheter design 
which is now conventional is the "fixed -wire" or inte- 
grated "balloon-on-a-wire" dilatation catheter. These 
single lumen designs utilize a relatively narrow wire 
positioned within the inflation lumen and permanently 
fixed to the distal end of the balloon. This construction 
produces a low-profile catheter assembly which is 
able to cross severely narrowed lesions and to navi- 
gate tortuous vascular pathways. Additionally, the 
fixed guide wire bonded at the distal end of the bal- 
loon improves the steerability and pushability of 
these designs which enhances their maneuverability. 
The thin shaft design also improves coronary visual- 
ization and enables all but the tightest critical lesions 
to be crossed. 

However, though able to provide relatively quick 
and simple balloon placement as well as providing ac- 
cess to lesions otherwise unsuitable for PTCA, fixed- 
wire balloon-on-a-wire systems sacrifice the ability to 
maintain guide wire position across the lesion when 
exchanging balloons or the safety advantage of being 
able to recross an acutely closed vessel without repo- 
sitioning the entire assembly. 

Yet another difficulty arises when the dilatation 
balloon is inflated to dilate the vessel under treat- 
ment. While this balloon is inflated blood cannot cir- 
culate in the vessel. This lack of blood circulation can 
lead to necrosis of tissues already stressed by the 
previously reduced level of blood flow. As a solution 
to this problem, catheters have been provided with 
perfusion ports proximal and distal to the balloon and 
communicating with one another via a lumen of the 
catheter which extends through the balloon. 

Aconventional catheter of this type is known from 
United States patent 4,581,017, issued 8 April 1986 
to H. Sahota. This catheter includes a dual or multi lu- 
men flexible shaft with a dilatation balloon carried on 
the shaft. Perfusion ports proximally and distally of 
the dilatation balloon allow perfusion blood flow. 

Aconventional catheter of this latter type is also 
depicted in United States patent No. 5,160,321, is- 
sued 3 November 1992, to H. Sahota. The catheter 
depicted in the Sahota patent employs a separate in- 
ner lumen to outwardly bound an annular axially ex- 
tending passage through which blood may flow past 
the inflated balloon via perfusion ports. Also, this 
separate inner lumen inwardly defines a passage 
through which the guide wire assembly for the cath- 
eter extends. 

However, with catheters of the type illustrated by 
the Sahota patent, and others of this type, the distal 
portion of the catheter is obstructed by the guide wire, 
or by the guide wire and its lumen. Consequently, the 
cross sectional area of the catheter lumen which is 
available for blood perfusion past the inflated balloon 



is very limited. While the distal end portion of the 
catheter may be made of a size sufficient to pass an 
adequate volume of blood, this size increase is con- 
trary to the recognized advantages of having a low- 

5 profile catheter. 

Alternatively, it has been proposed to withdraw 
the guide wire proximally of the perfusion ports prior 
to inflation of the dilatation balloon in order to make 
a larger part of the perfusion lumen available for 

10 blood flow. However, a serious disadvantage arises 
when the guide wire is again advanced in that the dis- 
tal tip of the guide wire may inadvertently pass out- 
wardly of the catheter through one of the perfusion 
ports. The Sahota patent recognizes the risk of this 

15 possibility, and provides the inner guide wire lumen 
as a partial and not completely satisfactory solution 
to this problem. 

Summary of the Invention 

20 

Accordingly, in view of the recognized deficien- 
cies of conventional catheters discussed above, it is 
an object of the present invention to provide a dual- 
lumen perfusion balloon dilatation catheter which in- 

25 eludes a guide wire and perfusion lumen, and which 
during inflation of the balloon and circulation of pa- 
tient blood through the guide wire and perfusion lu- 
men makes all of the cross sectional area of this lu- 
men available for perfusion blood flow. 

30 An additional object for the present invention is to 

provide such a catheter with an internal guide wire 
guide sheath which is axially movable across the per- 
fusion ports of the catheter, and is of a diameter too 
large to pass through these ports. Thus, the guide 

35 wire and guide sheath can be withdrawn proximally of 
the perfusion ports to allow the entire cross sectional 
area of the guide wire and perfusion lumen to flow 
perfusion blood. Subsequently, the guide sheath and 
guide wire may be advanced across the perfusion 

40 ports with no risk of the guide wire distal end escaping 
from this lumen through the perfusion ports. Once 
past distally of the perfusion ports, the comparatively 
smaller diameter guide wire can be used to cross tight 
lesions and to conventionally guide the advancement 

45 of the catheter. 

It is an additional object of the present invention 
to provide a dual-lumen perfusion balloon catheter of 
the above-described character offering an extremely 
low profile and a small shaft size to facilitate maneuv- 

50 erability and placement of the catheter as well as to 
provide the catheter with the ability to negotiate tor- 
tuous vessels and to pass highly stenosed lesions. 

An additional object is to provide a dual-lumen 
catheter of the above-described character in which 

55 the guide sheath itself carries a pilot dilatation bal- 
loon of a smaller size than the balloon carried by the 
catheter shaft. This pilot dilatation balloon is inflat- 
able by cooperation of a valving feature of the guide 
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wire assembly with a valving sleeve portion of the 
guide sheath to close the distal opening of the guide 
sheath. Thus, the pilot balloon may be used, for ex- 
ample, to initially dilate a tight lesion in preparation for 
entry therein of the catheter balloon and further dila- 
tation of the lesion. 

Yet another object of the present invention is to 
provide a dual-lumen catheter of the above-described 
character wherein the guide sheath and guide wire 
can be coupled to provide a guide assembly extended 
sufficiently to allow it to remain in place across a le- 
sion under treatment while the therapeutic catheter is 
withdrawn in preparation for its replacement at the le- 
sion with another catheter, for example, of a larger 
balloon size. Thus, the invention will provide the ben- 
efits of a small diameter fixed wire system yet allow 
for removal, reengagement or replacement of the bal- 
loon while leaving the guide wire in place to preserve 
an easily renegotiated path back to and along the 
blood vessel being treated. 

These and other objects of the present invention 
are achieved by a low-profile dual-lumen perfusion 
balloon catheter, which in accordance with broad 
structural aspects thereof, includes at least a dual- 
lumen catheter with a balloon section, a guide wire 
and perfusion lumen traversing the balloon section, 
proximal and distal perfusion ports communicating 
with one another via the guide wire and perfusion lu- 
men, a guide wire assembly traversing the balloon 
section, and a guide sheath received in the guide wire 
and perfusion lumen and receiving the guide wire to 
traverse the perfusion ports while positively prevent- 
ing the guide wire distal end portion from escaping 
the catheter via the perfusion ports. 

This unique construction allows removal of the 
catheter and its replacement with a second or subse- 
quent catheter to perform lesion therapeutic treat- 
ment, for example. Thus, trauma to the patient may 
also be reduced by use of the present catheter. The 
time required for lesion treatments may also be re- 
duced because the number of catheter replacements 
required may be reduced or eliminated. 

To facilitate visualization of the guide wire and 
balloon catheter during angioplasty the apparatus of 
the present invention is preferably provided with one 
or more radiopaque markers. Typically, these mark- 
ers are formed of small coils, strips or spheres of gold, 
platinum, tantalum or other dense, relatively inert 
metal. In one embodiment of the present invention a 
radiopaque spring coil of flexible wire is provided 
proximally to the valving portion of the guide wire as- 
sembly. Similarly, a radiopaque marker is located 
along the shaft of the catheter. When these two mark- 
ers are disposed in a first axial I y spaced relative pos- 
ition the single dilatation balloon of the guide sheath 
is inflatable. When the two markers are moved into a 
second position of congruence with one another by 
axial relative movement of the guide wire assembly, 



the distal vent port is communicated with the single lu- 
men of the guide sheath. 

It is also contemplated as being within the scope 
of the present invention to position radiopaque mark- 

5 ers on the balloon catheter to enable the physician to 
visualize the placement of the balloon relative to the 
guide wire and stenotic lesion. 

Other features and advantages of the present in- 
vention will become apparent from the following de- 

10 tailed description of exemplary and preferred em- 
bodiments of the invention, taken in conjunction with 
the accompanying drawings which illustrate, by way 
of example, the principals of the present invention. 

15 Brief Description of the Drawings 

Fig. 1 presents a fragmentary view in elevation of 
a low-profile dual-lumen perfusion balloon cath- 
eter, with portions of the structure broken away 

20 to better depict features of the invention; 

Figs. 2 provide enlarged fragmentary cross sec- 
tional views of portions of the catheter seen in 
Fig. 1, each depicted at a progressively larger 
scale to better depict salient structural features 

25 of the invention; 

Fig. 3 is an enlarged cross-sectional view taken 
at line 3-3 of Figures 2B; 
Fig. 4 is a partial longitudinal cross sectional view 
of the distal portion of the low-profile dual-lumen 

30 perfusion balloon catheter seen in Fig. 2B, and 

shown in an alternative operative configuration; 
Figs. 5 and 6 are respective fragmentary views of 
proximal and distal end portions of an alternative 
embodiment of the inventive catheter, which are 

35 shown partially in cross section and at progres- 

sively enlarged scales like that of portions of Fig- 
ures 2 to better depict features of the invention; 
Fig. 7 is an enlarged cross sectional view of the 
distal end portion of the catheter seen in Fig 6, 

40 and illustrating an alternative deflated-balloon 

operative position of the catheter; 
Fig. 8 is an enlarged fragmentary cross sectional 
viewsimilarto Figure 2A, butdepicting a proximal 
portion of yet another alternative embodiment of 

45 the inventive catheter; 

Fig. 9 presents a fragmentary longitudinal cross 
sectional view similar to Fig. 8, but illustrating an 
alternative operative configuration of the compo- 
nents of the catheter; and 

so Fig. 10 presents a fragmentary side- elevation 

view of another alternative embodiment of the 
present invention, which is of a mono-rail config- 
uration. 

55 Detailed Description 

Referring more particularly to the drawings in 
which similar elements are indicated by identical ref- 
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erence numerals, Figure 1 shows a low-profile dual- 
lumen perfusion balloon catheter, generally refer- 
enced with the numeral 10. In overview, the catheter 
1 0 includes an elongate guide wire assembly, gener- 
ally indicated with the numeral 12, and extending from 5 
end to end through the remainder of the catheter as- 
sembly. A proximal end portion 14 of the guide wire 
assembly 12 is seen in Figure 1 projecting from a 
proximal end of the remainder of the catheter 10. 
Also, a distal end portion 16 of the guide wire assem- 10 
bly 1 2 is also seen projecting distally from the remain- 
der of the catheter 1 0. 

This guide wire assembly 12 includes a proximal 
elongate wire-like shaft 18 (best seen in Figs. 2), 
which defines the proximal end portion 14, and which 15 
extends at a substantially constant diameter distally 
to a weld 20 (seen in Figure 2C) at which its diameter 
is reduced and at which an elongate spring-like por- 
tion 22 of the guide wire assembly 12 is secured. 

The elongate spring-like portion 22 is received 20 
over a reduced diameter portion (not visible in the Fig- 
ures) of the wire-like shaft portion 18. This reduced 
diameter portion extends within the spring-like por- 
tion 22 to or proximate to the distal end 24 of the guide 
wire assembly 12. At the end 24, the guide wire as- 25 
sembly is provided with a rounded tip portion 26. The 
spring-like portion 22, or an external or internal part 
thereof, may be formed of radiopaque material to de- 
fine a distal marker for the guide wire assembly 12. 
Proximally of the tip portion 26, the spring portion 22 30 
includes a portion 28 tapering proximally to a larger 
diameter approximating the diameter of the shaft por- 
tion 18, and providing for introduction of the guide 
wire assembly and of catheter 10 into tight lesions. 

Viewing Figures 1 and 2 in conjunction, it is seen 35 
that the catheter assembly 10 includes several com- 
ponent parts arranged telescopically around one an- 
other and extending axially. As just described, the in- 
ner one of these components is the guide wire assem- 
bly 12. Next outwardly around the guide wire assem- 40 
bly 12 is a tubular guide wire sheath assembly, gen- 
erally referenced with the numeral 30. This guide wire 
sheath assembly 30 includes an elongate flexible tub- 
ular shaft 32 having a side wall 34 defining a bore 36 
which is open from end to end of the shaft 32 (best 45 
seen viewing Figures 2, and particularly Fig. 2C). Ad- 
jacent to a distal end 38 (seen in Figure 2C) of the 
shaft 32, the side wall 34 carries embedded therein a 
radiopaque marker sleeve 40. 

At a proximal end portion 42 (seen in Figure 1) of 50 
the guide wire sheath assembly 30, the assembly in- 
cludes a guide wire sheath chuck and seal assembly, 
generally referenced with the numeral 44. This chuck 
and seal assembly 44 includes first and second 
threadably engaged portions 46 and 48 which coop- 55 
eratively form a flare fitting and which sealingly re- 
ceive between them a flared portion (not visible in the 
Figures) of a coupling sleeve 50. This coupling sleeve 



50 is sealingly joined with the shaft 32. At its proximal 
end 52, the second portion 48 defines a luer fitting 54 
by which fluid may be injected into the guide wire 
sheath assembly 30, and from which extends the 
proximal end portion 14 of the guide wire assembly 
12. 

Catheter assembly 10 also includes an elongate 
catheter shaft assembly 56. This catheter shaft as- 
sembly includes an elongate dual-lumen catheter 
shaft 58, which is seen in Figures 2A, 2B, and 3. The 
catheter shaft 58 includes a side wall 60 defining a 
bore 62 which receives the guide wire sheath assem- 
bly 30 at the shaft portion 32 thereof. Side wall 60 also 
defines a comparatively small second balloon infla- 
tion lumen 64. At a proximal portion of the catheter 
shaft assembly 56, the latter includes a Y-f itting 66 
with a body 68 having a side wall 70 defining a Y- 
shaped internal cavity 72 (best seen viewing Fig. 2A). 
This Y-shaped internal cavity 72 includes a through 
portion 74 which sealingly receives a portion 58a of 
the shaft 58. 

Shaft portion 58a has a part thereof at 58b cut 
away to communicate the balloon inflation lumen 64 
with the cavity 72. Thus, the balloon inflation lumen 
64 is outwardly communicated via a luerf itting 76 and 
a branch part 78 of the cavity 72. In other words, the 
body 68 sealingly receives the shaft 58 at a first flare 
fitting 80 which receives a first coupling sleeve 82 
which is joined with the shaft 58. Also, the body 68 
sealingly cooperates with the shaft 58 at a second 
flare fitting 84 in sealingly cooperation with a similar 
coupling sleeve (not visible in the drawing Figures) 
also sealingly coupled with the shaft 58 and disposed 
in the cavity 72. Finally, the second flare fitting 84 in- 
cludes a fitting nut 86 which at an end 88 thereof de- 
fines a luer fitting 90 from which the shaft 32 of the 
guide wire sheath 30 extends proximally. 

Viewing Figure 2B, it is seen that the shaft 58 at 
a distal end portion 92 thereof also includes an expan- 
sible balloon portion 94 which is sealingly secured to 
the shaft 58 at proximal and distal bonds 96, 98, re- 
spectively. This balloon portion 94 includes a side 
wall 1 00, which in the solid line condition of Figure 2B 
is deflated and folded or wrapped on itself to define 
a diameter only slightly larger than that of shaft 58. 
The lumen 64 opens interiorly of the balloon 94 so 
that by communication of pressurized fluid to the luer 
fitting 76 seen in Figure 2A, the balloon 94 may be in- 
flated to the dashed line condition of Figure 2B. Con- 
versely, by application of a subambient pressure to 
the fitting 76, the balloon 94 may be deflated to its 
smaller-diameter condition. 

Intermediate of the bonds 96, 98, the shaft 58 
carries a radiopaque marker 1 02 by which a physician 
can visualize the location of the balloon 94 prepara- 
tory to the dilation of a lesion by inflation of this bal- 
loon. It should be noted that at the bond 96, the shaft 
58 includes a tubular single-lumen distal extension 
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portion 58c, which is bonded to the remainder of this 
shaft at the bond 96. This single lumen extension por- 
tion 58c defines a respective bore 62a of diameter 
like the bore 62 of the dual lumen shaft portion 58, 
and coextensive therewith to extend the lumen of 
bore 62 to a distal opening 104. Circumscribing the 
distal opening 104, the shaft portion 58c carries a 
sleeve 106 of radiopaque material. For example, this 
sleeve 106 can be made from a mixture of tantalum 
and polyethylene. This sleeve 106 allows the physi- 
cian to identify where the distal end of the shaft 58 is 
located. 

Further considering Figure 2B, it is seen that the 
distal end portion 92 of catheter shaft 58 defines a 
port 108 proximally of balloon 94, and a port 110 dis- 
tally of the balloon 94, with both ports 108 and 110 
opening into the bore 62. However, considering Fig- 
ure 3, it is clear that in the depicted position of the 
guide wire sheath 30 and guide wire 12, the lumen 
represented by bore 62 is substantially occupied by 
these assemblies and could not flow very much per- 
fusion blood past the balloon 94. 

Consequently, when a physician has positioned 
the balloon 94 at a lesion to be dilated, the physician 
withdraws the guide wire assembly 12 so that the tip 
26 is about flush at end 24 with the distal end 38 of 
the guide wire sheath 30. This relative positioning of 
the guide wire 12 and shaft 32 can be visualized by 
the alignment of markers 26 and 40 (viewing Figure 
4). 

Also, (still viewing Fig. 4) the physician withdraws 
the guide wire sheath 30 along with the guide wire 12 
in the position just explained to a position illustrated 
wherein the end 38 is positioned proximally of the port 
108. To facilitate such positioning of the guide wire 
sheath assembly, the shaft 32 can be provided with 
an external marker (not seen in the drawing Figures) 
which marker comes into alignment with the end 88 
just outside of the luer fitting 90 when the end 38 is 
withdrawn into the shaft 58 of the catheter assembly 
56 so that the ports 1 08 and 1 1 0 are both opened and 
communicate freely with one another via the lumen 
represented by bore 62. As Figure 4 depicts, in this 
condition of the catheter 10, perfusion blood may flow 
via the ports 108 and 110 past the balloon 94, as is 
represented by arrows 112, and 114, to supply oxy- 
genated blood to downstream tissues. 

After the balloon 94 is again deflated, it may be 
desirable to dilate a further lesion located distally of 
the first lesion so that the catheter is required to be 
advanced further along the vessel under treatment. 
In this case, the sheath 30 and guide wire 12 are ad- 
vanced together across the ports 108, 110 so that 
there is no chance of the guide wire tip 26 escaping 
the catheter 10 from one of the ports 108 or 110. 
Thus, both safety for the patient and certainty of 
placement of the catheter for the physician are im- 
proved by the simultaneous advancement of the 



guide wire 12 and the sheath 30 for this guide wire. 
Once the tip 26 is advanced distally of the ports 108, 
1 1 0, the guide wire 1 2 may again be extended beyond 
the sheath 32 to facilitate further advancement of the 
5 catheter 10 and treatment of additional lesions, as 
described. 

Figures 5-7 depict an alternative embodiment of 
the inventive catheter which is the same as the em- 
bodiment shown in Figures 1-5 with the exception of 

10 structural differences to be described. In the embodi- 
ment of Figures 5-7, the guide wire sheath 30 is itself 
configured to define a pilot catheter with a pilot bal- 
loon of small size which may be advanced, for exam- 
ple, into a tight lesion to initially dilate the lesion in 

15 preparation for further dilation with the balloon of the 
catheter itself. Consequently, the embodiment of the 
catheter shown in these Figures may allow a physi- 
cian to open a tight lesion by the proper selection of 
guide wire sheath pilot balloon and catheter balloon 

20 sizes, and to thereby avoid exchanging a first cathet- 
er with a second catheter having a larger balloon. In 
order to obtain reference numerals for use on Figures 
5-7, features depicted in these Figures which are ana- 
logous in structure or function to those features de- 

25 picted and described above are referenced with the 
same numeral used previously, and having a prime 
added thereto. 

Viewing Figures 5-7, it is seen that the guide wire 
sheath assembly 30' at a proximal end portion 116 

30 thereof is provided with a Y-connector 118. This Y- 
connector 11 8 is provided with a branch inflation port 
120 which at a luer fitting 122 may receive pressu- 
rized fluid into the bore 36' of the guide wire sheath 
assembly 30'. The Y-connector 118 is also provided 

35 with a compression sealing hub 124 which prevents 
loss of the pressurized fluid about the guide wire as- 
sembly 12'. A proximal portion 14' of the guide wire 
assembly is seen extending outwardly of the hub 124. 
When the hub 124 is loosened by use of a finger nut 

40 126, the guide wire assembly 12' is freely movable 
axially and in rotation relative to the guide wire sheath 
30'. 

A distal end portion 128 (seen in Figure 6) of 
guide wire sheath 30' at shaft 32' thereof includes a 

45 number of elements which are sequentially arranged 
axially along the length of the catheter 1 0' in this end 
portion 128. First, adjacent to the remainder of the 
shaft 32', and joined thereto at a bond 130 is an ex- 
pandable dilatation balloon 132 (shown inflated). 

so Next to the dilatation balloon 132 and integrally 
formed therewith is a cylindrical seal section 134 
leading to the distal end 38' and defining the distal 
opening 36'. The balloon 1 32 is seen to include a side 
wall 136 which in a deflated condition is folded and 

55 over wrapped on itself to provide a comparatively 
small overall diameter. In fact, the outer diameter of 
the balloon 132 in its deflated condition is sufficiently 
small that the balloon can pass into the lumen 62' of 
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catheter assembly 56' (viewing Fig. 7). 

As is shown in Fig. 6, dilatation balloon 132 is 
formed as an integral part of guide wire sheath 30' in 
fluid communication with a single, axial lumen run- 
ning throughout the length of tubular shaft 32' and de- 
fined by the bore 36' of this shaft. The guide wire as- 
sembly 12', as mentioned above, extends throughout 
the length of guide wire sheath assembly 30', and be- 
yond distal end opening 36'. Distal orifice 36' is pro- 
vided with seal means in the form of sleeve-like seal 
section 134. This seal section 134 includes a nonex- 
pandable but resilient side wall portion 140 defining 
an inner surface 142 which issealingly and releasably 
engaged by guide wire assembly 12' at a valving por- 
tion 144 thereof. 

Viewing Fig. 6, it will be seen that in the exem- 
plary embodiment of the present invention the means 
of valving portion 144 of guide wire assembly 
12' which releasably engages the sleeve-like section 
134 in sealing relationship is formed as a sleeve-like 
cylindrical collar 146 which is dimensioned toslidingly 
and sealingly engage into the sleeve-like seal section 
134 with a light friction fit. That is, the collar 146 will 
pass through the seal section 1 34, in response to eith- 
er a sufficient pulling or pushing force on guide wire 
assembly 12', but the collar 146 does not simply fall 
or slip through the seal section 134. This cylindrical 
collar 146 is sealingly and relatively rota tably coupled 
to guide wire 12', but is constrained from relative axial 
movement on the guide wire assembly 12' by a pair 
of retaining rings 148 and 150 respectively carried im- 
movably on the guide wire assembly 12' proximally 
and distally of the collar 146. The retaining rings 148 
and 1 50 may be welded or swaged onto the guide wire 
assembly 12', for example. 

The sealing relationship of the collar 146 on the 
guide wire assembly 12' is established by the sealing- 
ly close fit of a cylindrical bore 152 through the collar 
member 146 on a cylindrical surface portion 154 of 
the guide wire assembly 1 2'. Because the collar mem- 
ber 146 is relatively long in relation to the diameter of 
the bore 152, and the fit between the bore 152 and 
surface 154 is close, fluid leakage axially through 
bore 152 is minimal. However, the fit of collar member 
146 on surface portion 154 of the guide wire assem- 
bly 12' is such that the latter is substantially freely ro- 
tatable relative to the collar member. 

This exemplary construction produces a releas- 
ably engaging seal which fixes guide wire assembly 
12' removably in position relative to balloon 132, yet 
which allows guide wire 12' to be rotated freely with- 
out wrapping balloon 132 about the shaft 32' or guide 
wire 12'. Additionally, while the retaining collars are 
shown in Figure 5 as being disposed immediately on 
each side of the collar 146, those ordinarily skilled in 
the pertinent arts will recognize that these collars 148 
and 150, may be spaced somewhat from the collar 
146 so that an added degree of sliding axial move- 



ment for the guide wire assembly 12' is provided with- 
out dislodging the sleeve-like collar 146 from sealing 
relation with the seal section 134. This added degree 
of axial movement for the guide wire 12' allows the 

5 physician to extend or retract the distal end portion 
28' of guide wire assembly 12' relative to the distal 
end portion 128 of the guide wire sheath assembly 
30' and shaft 32' thereof when necessary for steering 
and positioning of the catheter while still retaining the 

10 seal between collar 146 and seal section 134. As will 
be seen, the collar 146 can be disengaged from the 
seal section 134 by axial movement of the guide wire 
assembly 12'. 

In Fig. 6, the solid lines depict balloon 132 inflated 

15 by a radiologically opaque or partially opaque con- 
trast fluid. The radiopaque fluid allows the attending 
physician to place the balloon where desired with re- 
spect to an arterial lesion or stenosis. Also, as the di- 
latation balloon inflates, this enlargement in diameter 

20 of the balloon is visible to the physician who can 
thereby judge the extent to which the vessel is being 
enlarged. In the position of guide wire assembly 
12' depicted in Fig. 6, the orifice 36' is sealingly 
closed by the collar member 146 in seal section 134. 

25 Consequently, the balloon 132 is inflated by the con- 
trast fluid supplied thereto. By way of example only, 
the initial or uninflated diameter of balloon 132 may 
be on the order of about 0.5 mm, and its inflated di- 
ameter may be from about 1.5 mm. Thus, the balloon 

30 1 32 may provide a ratio of diameter increase from its 
uninflated diameter to its inflated condition which in 
about 3:1, or more. 

Subsequent to the inflation of dilatation balloon 
1 32, the contrast fluid is withdrawn to deflate this bal- 

35 loon to its configuration seen in Fig. 7. Consequently, 
the main dilation balloon of the catheter 10 may be 
advanced into position across the lesion in order to 
further dilate the lesion. As will be easily understood 
in view of the explanation above of the embodiment 

40 depicted in Figures 1-4, the guide wire sheath 
30' may be withdrawn into the catheter shaft 58' in or- 
der to allow full perfusion blood flow through this 
catheter shaft while the main dilation balloon is inflat- 
ed. As was pointed out above, the balloon 132 in its 

45 deflated condition is sufficiently small to be received 
into the bore 62' of the catheter 10'. During this per- 
fusion blood flow in the catheter 10', the guide wire 
assembly may be left in its position relative the 
sheath as is illustrated in Figure 6, with the sheath 

so sufficiently retracted in the catheter shaft to place the 
guide wire proximal of the ports 108' and 110'. Alter- 
natively, as will be seen, the guide wire assembly 
12' may be retracted into the guide wire sheath 30 so 
that the tip 26' is aligned with the end 38'. That is, the 

55 guide wire assembly is movable axially relative to the 
guide wire sheath 32' by movement of the sealing col- 
lar 146 out of or through the seal section 1 34. 

Figure 7 shows that the guide wire assembly 12 
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is subsequently advanced axially relative to the re- 
mainder of the catheter in order to open distal end port 
36'. This opening of fluid communication through the 
lumen 36' and from the distal end 38' allows a treat- 
ment fluid, for example, a plaque solubilizing fluid, or 
a medicinal fluid (i.e., a drug, such as heparin) to be 
introduced via the luerfitting 122 of Y-connector 118. 

Figures 8 and 9 cooperatively depict yet another 
alternative embodiment of the present invention. The 
features of the invention depicted in Figures 8 and 9 
may be employed with either of the alternative em- 
bodiments of the invention depicted in Figures 1-7. 
Consequently, the catheter structure of the embodi- 
ment of the invention shown in Figures 8 and 9 is only 
fragmentarily set forth, the remainder of the structure 
being understood as being the same as that depicted 
and described earlier herein. Again, in order to obtain 
reference numerals for use in describing the structure 
and function of the embodiment of the invention de- 
picted in Figures 8 and 9, features of the invention 
which are analogous in structure or function to those 
depicted and described earlier herein are referenced 
with the same numeral used before and having a 
prime added thereto. In instances where the addition 
of a prime to a numeral used above would result in a 
double prime, the second prime is dropped, and the 
reader will understand that the same or equivalent 
structure or function is intended. 

Viewing Figure 8, a catheter 1 0' is seen to include 
a guide wire sheath assembly 30' which proximally 
extends from the proximal end of the catheter shaft 
assembly 56' via a Y-connector 66'. The guide wire 
sheath assembly includes a flexible distal portion 
32' which is equivalent in structure and function to 
the guide wire sheath depicted and described in con- 
nection with Figures 1-3. 

The guide wire sheath assembly 30' also in- 
cludes a proximal end portion 32a which is of only lim- 
ited flexibility. This proximal end portion 32a is de- 
fined by a length of small diameter metallic tubing 1 56 
which is joined to the flexible portion 32' of shaft 
30' at a bond 158. A proximal end portion 160 of the 
tubing 1 56 defines a slot 162 laterally from which ex- 
tends the proximal end portion 14' of the guide wire 
assembly 12'. At a proximal end 164 of the tubing 156, 
the latter defines an axial opening 166 leading to a 
guide wire end coupling feature, which is generally 
referenced with the numeral 168. 

While a variety of alternative structures are pos- 
sible for the guide wire coupling feature 168, the pre- 
ferred structure includes at least one reduced diam- 
eter groove 170 swaged into the end portion of tubing 
156, and an axially spaced end swage 172 cooper- 
atively retaining at least one resilient snap ring mem- 
ber 174 within the end coupling feature 168 imme- 
diately inwardly of opening 166. Preferably, the snap 
ring member 174 may be made as a resilient elasto- 
meric O-ring member. 



Further, the proximal end portion 14' of guide 
wire assembly 12' includes a proximal end guide 
sheath coupling feature, which is generally refer- 
enced with the numeral 176. This guide sheath cou- 

5 pling feature 176 includes a conical end portion 178 
of the guide wire assembly 12', which end 178 may be 
inserted through the opening 164 to be introduced 
into the O-ring member 1 74. The conical end portion 
178 leads to a capture groove 180 into which the O- 

10 ring member 174 is receivable to retain the proximal 
end 14' of guide wire assembly 12' in engagement 
with the proximal end 160 of guide wire sheath as- 
sembly 30'. 

Consequently, a physician who wishes to with- 

15 draw the catheter shaft assembly 56' in order to re- 
place this catheter, for example, with a catheter hav- 
ing a larger balloon, does not have to obtain a guide 
wire extension. The guide wire assembly 12' of the 
present invention is simply withdrawn from the pa- 

20 tient leaving the guide wire sheath 30 in the patient as 
a guide over which the new balloon catheter may re- 
trace the route back to the vessel under treatment. 
The guide wire 12' at its proximal end 176 is attached 
to the proximal portion of the guide wire sheath as- 

25 sembly 30' to serve as a guide wire extension. That 
is, the guide wire assembly 12' is turned end-for-end 
and connected with the proximal end of the guide wire 
sheath assembly 30'. 

With the guide wire sheath and guide wire assem- 

30 bly so connected, as is fragmentarily illustrated in 
Figure 9, the catheter shaft assembly 56' may be 
withdrawn along the guide wire sheath and guide 
wire, as is indicated by the arrow 182. This withdrawal 
of the catheter shaft assembly 56' leaves the guide 

35 wire sheath assembly 30' in place to serve as a guide 
member for retracing the path back to the vessel un- 
der treatment. It will be noted that the guide wire as- 
sembly itself is reversed in its proximal and distal end 
orientations with respect to the patient in its use as an 

40 extension for the guide wire sheath assembly 30'. 
However, such reversal need not be the case. If de- 
sired, a coupling feature may be provided near the 
distal end of the guide wire so that this feature cou- 
ples with the proximal end coupling feature 168 of the 

45 guide wire sheath assembly 30'. 

Alternative coupling features may be employed 
to couple the guide wire sheath assembly and guide 
wire assembly at adjacent ends thereof so that the lat- 
ter may serve as an extension of the former. For ex- 

50 ample, one of these assemblies could define a 
threaded axial end bore, while the other defines a 
threaded axial end stem which is threadably engage- 
able with the end bore of the other member. Still al- 
ternatively, a coupling similar to a turn buckle struc- 

55 ture could be defined between the guide wire assem- 
bly and guide wire sheath assembly. An other alter- 
native is to define a small scale collar at the proximal 
end of the guide wire sheath assembly, and to lock an 
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end of the guide wire assembly in this collar with a 
small set screw. An equivalent structure would in- 
volve the formation of a small scale collet structure at 
the proximal end of the guide wire sheath assembly, 
and the locking of an end of the guide wire assembly 
in this collet structure. 

As noted above, the exchangeable balloon cath- 
eterof the present invention enables a vascular physi- 
cian to exchange one catheter for a second catheter 
along the prepositioned guide wire sheath assembly 
without having to retrace the entire vascular pathway 
with a new guide wire. Thus, the balloon catheter can 
be replaced with a catheter having a balloon provided 
with a different expandable diameter if necessary to 
reopen a particularly difficult stenotic lesion. Similar- 
ly, if problems develop with the inflation of balloon 94 
during angioplasty it is possible to replace the balloon 
with a properly functioning device. All the vascular 
physician need do is to retract the guide wire shaft 18, 
attach this shaft as an extension of the guide wire 
sheath which has been left in place, and withdraw the 
catheter shaft assembly. A new catheter shaft assem- 
bly can be inserted to retrace the path to the end of 
the guide wire sheath assembly, and the guide wire 
then can be reinserted into the guide wire sheath. As 
those skilled in the pertinent art will appreciate, this 
placed guide (in the present instance, a guide wire 
sheath assembly) greatly facilitates the speed and 
safety of such a catheter replacement procedure. 

Fig. 10 depicts another alternative embodiment 
of the present invention, which is similar to the em- 
bodiment illustrated in Figs. 5-7, with the exception 
that the embodiment of Fig. 10 has additional fea- 
tures which allow the catheter to be used in a mono- 
rail configuration. In order to obtain reference numer- 
als for use on Fig. 10, features of the depicted em- 
bodiment which are analogous in structure or func- 
tion to features depicted and described above are ref- 
erenced with the same numeral used above, but hav- 
ing a prime added thereto. 

Viewing Fig. 10, the catheter 10' includes an 
elongate catheter shaft assembly 56', which includes 
a comparatively rigid metallic hypo-tube proximal 
portion 184, and a flexible dual-lumen distal portion 
58'. The distal portion 58' includes an inflation lumen 
64' (not visible in the drawing Figure) connecting to a 
balloon section 94'. Adjacent the proximal end 186 of 
distal portion 58', the hypo tube portion 184 is bonded 
in communication with lumen 64'. At its proximal end 
190, the hypo tube portion 184 carries a luer fitting 
192. As is understood, the balloon section 94' can be 
inflated and deflated by the application of positive 
and negative fluid pressures, respectively, at the fit- 
ting 192. 

In a distal end portion 92' of the catheter 10', the 
side wall 60' defines both proximal 108, and distal 
110' perfusion ports. As will be well understood, 
these ports 108', 110' allow perfusion blood to flow 



past the inflated balloon section 94'. However, 
spaced proximally from the most proximal extent of 
the proximal perfusion ports 108, the side wall 
60' defines an aperture 194 from which a proximal 

5 portion 196 of the guide wire sheath 30, including a 
proximal portion of the guide wire assembly 12', ex- 
tends outwardly from the lumen 62'. Proximally of the 
aperture 194, the sheath 30 and guide wire 12' ex- 
tend outwardly of the shaft 56'. However, distally of 

10 the aperture 194 and extending to distal opening 
104', the shaft portion 58' defines a mono-rail guide 
portion 198. This mono-rail guide portion 198 re- 
ceives, and is slidable along, the sheath 30' in the lu- 
men 62'. 

15 Consequently, the catheter shaft 58' may be re- 

tracted along the sheath 30' without the need for a 
guide wire extension because a proximal end portion 
196 of the sheath 30' is exposed and accessible to re- 
tain location of the sheath in the patient under treat- 

20 ment. That is, the sheath 30' acts as a guide member 
for retraction of the catheter shaft 58'. Of course, a re- 
placement catheter can then retrace the route back to 
the treatment site along the guide sheath 30'. 

Importantly, distally of the aperture 194 and prox- 

25 imally of the most proximal extent of the perfusion 
ports 108', the distal end portion 92' of the catheter 
10' defines an elongate sheath retention portion 200. 
This sheath retention portion 200 is a proximal part of 
the guide portion 198. 

30 Aswill be easily understood in view of the explan- 

ation above, when the balloon section 94' is inflated 
to dilate a lesion, the guide sheath 30' and guide wire 
assembly 1 2' are drawn back so that their distal ends 
24' and 38' are both at least slightly proximal of the 

35 perfusion port 108'. This positioning for the sheath 
and guide wire allows the entire cross sectional area 
of the lumen 62' to be used for perfusion blood flow. 

However, it is important that the sheath and guide 
wire at their distal and portions be retained within the 

40 catheter shaft 58' in the retention portion 200 thereof, 
and not be withdrawn entirely through the aperture 
194. Consequently, after the dilation of balloon sec- 
tion 94', should the physician wish to again advance 
the guide wire 12' and sheath 30' (perhaps to guide 

45 the entire catheter to another deeper lesion), then 
these components can again be advanced through 
the mono-rail guide portion 198. 

It also should be emphasized that the axial lumen 
represented by bore 62 of the present invention is 

so configured to perform a dual role. On the one hand, 
this lumen serves as a guide wire lumen, receiving 
both the guide wire 12, and guide wire sheath 30. On 
the other hand, this lumen 62 serves as a perfusion 
blood flow passage allowing perfusion blood to by- 

55 pass the inflated dilatation balloon 94. Because the 
guide wire and its sheath are withdrawn at their distal 
ends to a position proximal of the perfusion ports of 
the catheter, the entire cross sectional area of the 
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guide wire and perfusion lumen is available for per- 
fusion blood flow. Still, when the guide wire is to be 
advanced distally of the perfusion ports, for example, 
in order to allow additional advancing movement of 
the catheter 10 along the guide wire, the guide wire 
sheath is advanced to prevent the distal end of the 
guide wire from escaping the catheter lumen via the 
perfusion ports. Thus, the safety of the procedure for 
the patient is improved. This multifunctional catheter 
design produces an ultra-low profile device which sig- 
nificantly enhances its ability to cross very tight sten- 
oses or to traverse particularly difficult vascular path- 
ways. 

Along these lines, exemplary non-limiting dimen- 
sions for the balloon catheter assembly of the present 
invention may be as follows. For example, as is typi- 
cal in the coronary arts, the overall length of catheter 
30 will typically range from 120cm to 160cm. The ax- 
ial length of the dilatation balloon 94 will comprise ap- 
proximately 1cm to 4cm of this overall length. Typical- 
ly, dilatation balloons are available in stepped dilata- 
tion diameters ranging from approximately 0.5 mm to 
5.0mm, in 0.5mm or 0.25mm increments. As known in 
the art, these inflation diameters are typically ach- 
ieved at 6 to 10 atmospheres of pressure. Naturally, 
the deflated profile of the dilatation balloons increas- 
es slightly with the final dilatation diameter. Exem- 
plary non-limiting diameters for the proximal portion 
of guide wire 12 range from 0.005 to 0.016 inches 
whereas the preferred exemplary outer diameter for 
the cylindrical collar 146 ranges from approximately 
0.012 to 0.020 inches. Thus, in the embodiments of 
the present invention illustrated the drawing Figs., the 
distal end portion of guide wire assembly 12 is provid- 
ed with a cross-sectional diameter on the order of ap- 
proximately 0.005 inches and cylindrical collar 146 is 
formed of a polymeric material such as PTFE having 
an outer diameter of approximately 0.016 inches and 
a wall thickness of approximately 0.005 inches. 

It should be emphasized that the proximal diam- 
eter of guide wire assembly 12 need not be constant 
and may taper to provide an enhanced degree of flex- 
ibility toward the distal end of guide wire assembly. 
Guide wire assembly 12 itself is preferably formed of 
metal such as stainless steel but also may be con- 
structed of polymers or polymer coated metals as is 
known in the art. An exemplary overall wire length for 
guide wire assembly 1 2 is on the order of 1 75cm. The 
cross section of guide wire assembly 12 distal of the 
cylindrical collar 146 need not be circular to be within 
the scope of the present invention. 

Although not essential to the practice of the pres- 
ent invention, guide wire assembly 12 is preferably 
provided at flexible distal spring coil 24 with a smooth 
hemispherical radiopaque tip 26 in order to reduce 
vascular trauma and provide visualization as guide 
wire assembly 12 is advanced along a vascular path- 
way. Spring coil 24 may be formed of any resilient ma- 



terial, preferably metal, and in the preferred embodi- 
ment of the present invention is formed of a radiopa- 
que material such as platinum or gold. Thus, spring 
coil 24 with tip 26 functions as an additional marker 

5 to assist the physician in positioning the apparatus of 
the present invention. 

Though spring coil 24 is illustrated in the drawing 
Figs, as being relatively straight, it is commonly 
known in the art to precurve spring coil 24 so that the 

10 implanting physician can rotate wire assembly 12 and 
direct tip 26 of wire coil 24 into specific vascular junc- 
tions to direct the entire assembly along the proper 
pathway. Rotational manipulation of wire 12, or "tor- 
quing" as it is referred to in the art, is accomplished 

15 by rotating the proximal end portion 14 of the guide 
wire assembly. As is well known in the art, this rotation 
may be achieved with use of a variety of clamps or 
chuck devices which provide the physician with pur- 
chase on the wire 1 2. The axially flexible construction 

20 of guide wire 12 transmits this torque along the entire 
longitudinal extent of wire 12 to coil 24. However, be- 
cause cylindrical collar 146 is preferably sealingly 
coupled to guide wire 12 in a relatively rotatable man- 
ner, this torque is not transmitted to balloon 132, and 

25 prevents this balloon from wrapping in a spiral fash- 
ion around guide wire 12. 

Thus, the apparatus of the present invention ac- 
cording to one alternative embodiment thereof pro- 
vides an exchangeable integrated-wire perfusion bal- 

30 loon catheter that can be positioned within a vascular 
pathway by a single physician. Because the appara- 
tus of the present invention provides the maneuver- 
ability of a fixed-wire dilatation catheter coupled with 
the benefits of an ultra-low catheter profile it can be 

35 quickly and easily maneuvered into position across 
lesions that are critically narrowed and irregularly 
shaped. Further, the distal end of its guide wire 
sheath may be left in place and the shaft of the guide 
wire itself may be used as an extension to the guide 

40 wire sheath so that the shaft of the catheter can be 
retracted back from the lesion to allow the surgeon to 
retain a guide member across the lesion. Alternative- 
ly, while leaving the guide member in place the sur- 
geon can completely remove and replace the balloon 

45 catheter with one having alternative dimensions. 

Flexible tubular shaft 32 and catheter shaft 56 
are preferably formed of a polymeric material such as 
polyethylene, polyamide, polyimide, polypropylene, 
polyvinyl, polyester such as polyethyleneterephtha- 

50 late (PET), or polyolefin copolymer. Additionally, to 
improve its lubricity, shaft 32 may be coated with 
PTFE, silicone or other materials including low fric- 
tion lubricants. 

Similarly, low friction coatings such as PVC, 

55 polyamide or fluoropolymer or such as PTFE or hy- 
drophilic materials and lubricants may be utilized to 
enhance the movement of all components of catheter 
10 during angioplasty. Resilient sleeve-like seal sec- 
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tion 1 38 may be formed from the same material form- 
ing the remainder of tubular shaft 32, or it may alter- 
natively be formed from a lubricous polymeric mate- 
rial. Alternatively, resilient sleeve 138 may be coated 
along its inner surface with a lubricous material to fa- 
cilitate its engagement with cylindrical collar 146. 

Cylindrical collar 146 similarly can be formed of 
a wide variety of materials ranging from stainless 
steel to polymeric materials and may even be formed 
as an integral part of guide wire assembly 12. How- 
ever, it is preferred that collar 146 be formed of a poly- 
meric material such as PVC, polyamide, polyimide, or 
fluoropolymer such as polytetrafluoroethylene 
(PTFE) as this provides an added degree of flexibility 
to the guide wire assembly 12 within the distal end 
portion 128 of the catheter 10. 

In closing it is to be understood that the embodi- 
ments of the invention disclosed herein are illustra- 
tive of the principals of the invention and that other 
modifications may be employed which are within the 
scope thereof. Thus, by way of example, but not of 
limitation, the seal section 138 may be configured to 
extend into the dilatation balloon as opposed to the 
depicted configuration in which this seal section ex- 
tends outwardly of the balloon portion. Accordingly, 
the present invention is not limited to that precisely as 
shown and described in the specification. 



and traversing said balloon section, and a tubular 
guide wire sheath member movably received in 
said guide wire and perfusion lumen and receiv- 
ing said guide wire to traverse said perfusion 
ports while positively preventing said guide wire 
distal end portion from escaping the catheter via 
said perfusion ports. 

2. The catheter of Claim 1 further including said 
guide wire sheath member carrying a respective 
balloon member adjacent to a distal end thereof, 
said balloon member of said guide wire sheath 
member being of a diameter sufficiently small to 



pass into said guide wire and perfusion lumen 
proximally of said balloon section. 

3. The catheter of Claim 2 wherein said guide wire 
5 sheath member includes a seal section located 

distally of said balloon member, and said guide 
wire includes a valving collar seal ingly receivable 
into said seal section to allow inflation of said bal- 
loon member by communication of pressurized 
10 fluid to said guide wire sheath member at a prox- 

imal end thereof. 

4. The catheter of Claim 3 wherein said valving col- 
lar includes a sleeve of polymeric material rotat- 
es ably received on said guide wire in said distal end 

portion thereof with selected relative axial move- 
ment on said guide wire. 

5. The invention of Claim 4 wherein said polymeric 
20 material is selected from the group comprising: 

polyvinylchloride, polyamide, polyimide 
and fluoropolymer. 

6. The invention of Claim 3 wherein said valving col- 
25 lar is formed of metal. 

7. The invention of Claim 1 further comprising at 
least one radiopaque marker disposed adjacent 
to said distal end portion of said guide wire. 

8. The invention of Claim 7 wherein said radiopaque 
marker comprises a flexible metallic coil defining 
at least a part of said distal end portion of said 
guide wire. 

9. The invention of Claim 1 wherein said catheter 
shaft distal end portion defines an aperture 
opening outwardly from said guide wire and per- 
fusion lumen, said distal end portion of said cath- 
eter shaft defining a mono- rail guide portion dis- 
tally of said aperture. 

10. The invention of Claim 9 wherein said catheter 
shaft further defines an elongate guide wire 
sheath retention portion distally of said aperture 
and proximally of a proximal one of said pair of 
perfusion ports. 

11. The invention of Claim 10 wherein said catheter 
so shaft further includes a proximal metallic hypo 

tube portion joining with a distal comparatively 
more flexible portion of said catheter shaft. 

12. The invention of Claim 1 wherein said guide wire 
55 sheath member and said guide wire assembly de- 
fine cooperating means for joining a proximal end 
portion of said guide wire sheath member with an 
end of said guide wire assembly in end-to-end re- 



Claims 30 

1. A dual-lumen perfusion balloon catheter com- 
prising a dual-lumen catheter shaft, said catheter 
shaft at a distal end portion thereof carrying an 
expansible balloon section, an inflation lumen of 35 
said dual-lumen catheter shaft communicating 
internally of said balloon section, a guide wire and 
perfusion lumen of said catheter shaft traversing 
said balloon section, a pair of perfusion ports re- 
spectively located proximally and distally of said 40 
balloon section and both opening outwardly from 
and communicating with one another via said 
guide wire and perfusion lumen, a guide wire as- 
sembly including a distal end portion movably re- 
ceived in said guide wire and perfusion lumen 45 
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lation. 

13. The invention of Claim 12 wherein said cooperat- 
ing means for joining includes said guide wire 
sheath member at a proximal end thereof carry- 5 
ing a resilient elastomeric member, said elasto- 
meric member defining an opening into which an 

end of said guide wire assembly is insertable, and 
said guide wire assembly adjacent an end thereof 
defining a circumferential groove and an adjacent 10 
conical end surface portion allowing said end of 
said guide wire to be introduced forcefully into 
said opening of said elastomeric member so that 
the latter is received into said groove. 

15 

14. The invention of Claim 1 wherein said catheter 
shaft and said expandable balloon section are 
formed of resilient polymeric material. 

15. The invention of Claim 14 wherein said polymeric 20 
material is selected from the group comprising 
homopolymers and copolymers of: 

polyvinylchoride, polyethylene, polyolefin, 
fluoropolymer, polyamide, polyester, polyimide, 
and polypropylene. 25 

16. A low-profile dual-lumen dual-balloon catheter 
and guide wire combination comprising: 

a flexible, small diameter guide wire as- 
sembly having proximal and distal ends, with a 30 
valving portion of said distal end being of a larger 
diameter than the remainder of said guide wire; 

a flexible elongated tubular guide wire 
sheath having a proximal end and a distal end 
and a single axially extending fluid-conducting lu- 35 
men adapted to receive said guide wire extending 
therethrough and opening on a distal end of said 
guide wire sheath; 

a balloon member disposed at a distal end 
portion of said guide wire sheath and in fluid com- 40 
munication with said lumen of said guide wire 
sheath, said distal opening of said guide wire 
sheath being provided with means for releasably 
engaging said enlarged diameter distal end valv- 
ing portion of said guide wire assembly in sealing 45 
relationship; 

a catheter shaft having a pair of lumens 
extending therein, one of said pair of lumens slid- 
ably receiving said guide wire sheath and defin- 
ing a distal end opening through which respective 50 
distal end portions of said guide wire and guide 
wire sheath are extendably distally of said cath- 
eter shaft, 

a balloon section carried on a distal end 
portion of said catheter shaft, and the other of 55 
said pair of lumens communicating with said bal- 
loon section; and 

a side wall of said catheter shaft defining 



a pair of perfusion ports respectively located dis- 
tally and proximally of said balloon section; 

whereby said guide wire and sheath are 
retractable proximally of a proximal one of said 
pair of perfusion ports to allow perfusion blood 
flow through the full cross sectional area of said 
one catheter shaft lumen, and said guide wire 
sheath and guide wire together may be advanced 
across said perfusion ports while said sheath 
positively prevents escape of a distal end portion 
of said guide wire from said catheter shaft via 
said perfusion ports. 

17. The invention of Claim 16 wherein said larger di- 
ameter guide wire distal end valving portion is de- 
fined by a cylindrical collar member coupled to 
said guide wire distal end portion for relative ro- 
tational movement and a selected axial relative 
movement. 

1 8. The invention of Claim 1 6 wherein said means for 
releasably sealingly engaging said enlarged di- 
ameter distal end portion of said guide wire is a 
resilient sleeve-like seal portion of said guide 
wire sheath balloon member which extends from 
said distal opening thereof. 

19. The invention of Claim 18 wherein said resilient 
sleeve-like seal portion is formed from a lubri- 
cous polymeric material. 

20. The invention of Claim 16 wherein said catheter 
shaft and said balloon section are formed of re- 
silient polymeric material. 

21. In a medical treatment catheter including an elon- 
gate catheter shaft defining a guide wire and per- 
fusion lumen extending therein, the guide wire 
and perfusion lumen receiving a guide wire as- 
sembly which in a first position thereof extends 
distally of a distal end of said catheter shaft, the 
catheter shaft at a distal end portion thereof car- 
rying an inflatable dilatation balloon, the catheter 
shaft defining a pair of perfusion ports opening 
outwardly from said guide wire and perfusion lu- 
men each on respective opposite distal and prox- 
imal sides of the dilatation balloon, the guide wire 
assembly being retractably proximally of said pair 
of perfusion ports to allow perfusion blood flow 
via the entire cross sectional area of said guide 
wire and perfusion lumen while said dilatation 
balloon is inflated, a method of preventing es- 
cape of a distal end of said guide wire from said 
catheter shaft via said pair of perfusion ports, 
said method comprising the steps of: 

providing a tubular guide wire sheath 
member receivably into said guide wire and per- 
fusion lumen; 
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disposing said guide wire assembly in said 
tubular guide wire sheath member; 

disposing said guide wire assembly and 
said guide wire sheath member together in said 
guide wire and perfusion lumen so that a distal 
end of said guide wire is extended beyond a distal 
end of said catheter shaft to guide advancement 
of said catheter; 

retracting said guide wire sheath member 
and said guide wire together proximally of said 
pair of perfusion ports to allow perfusion blood 
flow via the full cross sectional area of said guide 
wire and perfusion lumen when said dilatation 
balloon is inflated; and 

advancing said guide wire sheath and said 
guide wire assembly together across said pair of 
perfusion ports so that said guide wire sheath 
member positively prevents escape of a distal 
end portion of said guide wire assembly through 
said perfusion ports. 

22. In a medical treatment catheter including an elon- 
gate catheter shaft defining a guide wire and per- 
fusion lumen extending therein, the guide wire 
and perfusion lumen slidably receiving a guide 
wire assembly which in a first position thereof ex- 
tends distally of a distal end of said catheter shaft, 
the catheter shaft at a distal end portion thereof 
carrying an inflatable dilatation balloon, the cath- 
eter shaft defining a pair of perfusion ports open- 
ing outwardly from said guide wire and perfusion 
lumen each on respective opposite distal and 
proximal sides of the dilatation balloon, the guide 
wire assembly being retractably proximally of 
said pair of perfusion ports to allow perfusion 
blood flow via the entire cross sectional area of 
said guide wire and perfusion lumen while said 
dilatation balloon is inflated, a method of provid- 
ing an extension of a guide member so that said 
catheter shaft may be retracted along said guide 
member and said extension together in prepara- 
tion for the retracing along said extension and 
guide member of another subsequent catheter 
shaft to a treatment site, said method comprising 
the steps of: 

providing an elongate tubular guide wire 
sheath member slidably receivably into said 
guide wire and perfusion lumen; 

slidably disposing said guide wire assem- 
bly in said tubular guide wire sheath member; 

at a proximal end of said guide wire sheath 
member and at an end portion of said guide wire 
assembly providing cooperating engagement 
means for joining said guide wire assembly and 
said guide wire sheath member together in end- 
to-end relation; 

withdrawing said guide wire assembly 
from said guide wire sheath member while retain- 



ing the latter in place at a treatment site; 

joining together said guide wire sheath 
member and said guide wire assembly externally 
of a patient under treatment so that said guide 

5 wire assembly defines said extension of said 

guide wire sheath member; and 

employing said guide wire assembly as an 
extension of said guide wire sheath for retraction 
of said catheter shaft while retaining said guide 

10 wire sheath member at said treatment site. 
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